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1. Introduction 
 
Oesophageal carcinoma is the ninth most frequent malignant change amongst 
tumours . The first oesophageal resection due to cancer at the level of the neck was 
carried out by Czerny in 1877. Following the operation, the patient died a year later 
due to relapse of the tumour. In 1913, a surgeon of Hungarian origin, Franz Torek 
resected a tumour in the middle third section of the oesophagus through a thoracic 
opening in New York. The concept of resection of the middle third of the oesophagus 
by combined laparotomy and right sided thoracotomy can be associated with Ivor 
Lewis.This tumour resection procedure holds one of the highest mortalities in the field 
of surgery. In 1940, Oschner and DeBakey reported a mortality of 72% in 191 
oesophageal resections. Nowadays, new surgical techniques and developments in 
Intensive Therapy have reduced the number drastically to 12% varying between 
centres. Oesophagectomy performed due to carcinoma comes with greater morbidity 
and mortality than other tumour related abdominal procedures. The exact mechanism 
behind this is unknown although the reason for higher postoperative complications 
could be the extended surgical procedure which frequently involves opening of the 
thoracic, abdominal and mediastinal cavities. Frequent alcohol and nicotine abuse 
are important factors leading to alcohol dependency syndrome and chronic 
obstructive pulmonary disease (COPD). Due to the stricture caused by the 
oesophageal tumour, nutrition is decreased and in case of no feeding can cause 
serious malnutrition. Due to protein deficiency the cellular and humoral immunity of 
the organ system decreases which leads to increased susceptibility to septic 
complications. The insufficient nutrient uptake results in weak musculature which 
postoperatively causes difficult expectoration followed by pneumonia, development of 
sepsis and multi organ failure.  
To make the tumour operable, in case of advanced states, the patients receive 
chemo-radiotherapy which according to numerous clinical studies increases the 
number of post-operative complications. 
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2. Aims 
 
2.1 The nutritive state of patients who have undergone oesophagectomy due 
to tumour is measured by using ESPEN (European Society for Clinical Nutrition and 
Metabolism) and MNA (Mini Nutritional Assessment) scores. The biochemical 
parameters are measured using PINI (Prognostic and Nutritional Index). Can these 
factors show signs of post-operative complications? 
2.2 Can inflammatory response mediators like C-reactive protein (CRP), 
procalcitonin (PCT) and microalbuminuria (M:Cr) be used as predictors of mortality in 
the early postoperative period following oesophageal surgery.   
2.3 The most common form of oesophagectomy in our clinic is the transhiatal 
resection (TH) and transhoracic resection (TT). Our study aims to study whether surgery 
involving opening of the thoracic cavity goes with increased post-operative risk. 
2.4 In case of oesophageal carcinoma, for the suitability of surgery, most 
patients depending on the location of the tumour, its histology and state undergo 
radio-chemo therapy of which the side effects are well known. Does chemo-radio 
therapy influence the occurance of post-operative complications and inflammatory 
response following surgery. 
2.5 Several studies in the field have failed to explain the disturbance of 
oxidant-antioxidant balance following surgery. Literature from the past two decades 
has shown that the use of exogenous radicals show similar effects when compared to 
endogenous anti-oxidants. We studied the effect of prophylactic N-acetylcysteine 
(NAC) treatment on inflammatory reactions and organ functions in the early 
postoperative period following oesophagectomy due to tumour. 
2.6 Glutamin is listed amongst non-essential amino acids, which is 
synthesized by the body from glutamate. Glutamin stands out amongst amino acids 
and of its numerous functions, the role of transporting nitrogen between tissues holds 
prime importance with which controls the body’s protein synthesis. In extended 
surgical procedures, endogenous glutamine production cannot cover the increased 
needs and a serious deficiency can occur. Our prospective randomised study aimed 
to study the effects of glutamine three days prior to oesophageal resection, then 
seven days following surgery. Inflammatory reponse following surgery and 
postoperative complications.            
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3. Patients and Methods 
Patient selection in our study was done irrespective to histological diagnosis. All 
patients were anaesthetised using the same technique. All patients were admitted to 
intensive care follwing the operation. The patients were retured to the surgical ward 
only after fulfilment of the following conditions: SaO2≥95%, with a FiO2 of 0.3, 
satisfactory expectoration, "Multiple Organ Dysfunction Score", MODS≤2; suitable 
enteral feeding, sufficient analgesia. The conditions had to fulfilled for at least 12 
hours before transferring the patients. 
 
4. Studies 
 
4.1. Comparison of Preoperative nutritive state and a postoperative morbidity 
and mortality 
 
4.1.1. Patients and Methods 
We included 34 patients in our study who had undergone oesophageal tumour 
removal.The study was approved by the ethical committee. Prior to surgery the 
patients nutritive history was assessed using the guidelines of ESPEN and MNA. 
With both point systems we examined that the patients who died (group I), survived 
(group II), were complication free after surgery (group III), had serious complications 
after surgery such as pneumonia, mechanical ventilation, inotropic therapy, 
antiarrhymic treatment (group IV) and whether there were differences between the 
groups. Besides this we assessed the biochemical parameters of the nutritive state 
using the PINI score and comparing the complication free and serious complications 
in patients. Statistical analysis was performed using the Mann-Whitney-U test. A 
p<0,05 was considered significant. The data were expressed as mean and standard 
deviation.  
 
4.1.2. Results 
4.1.2.1.  Comparison between Patient  morbidity and mortality based on 
nutritive history as advised by AESPEN and MNA 
We did not find a deviation between the dead and the survived. The ESPEN 
score group I: 1,35±0,47, in group II: 1,47±0.58, p=0,62. Even in serious morbidity, 
we did not find a difference between group III-IV, 2,01±2,28 vs. 1,02±3,67, p=0,54. In 
patients who died and ones with serious complications, we did not find differences in 
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the MNA score which was recorded before the operation. The indicator of the 
patients nutritive state, BMI and biochemical parameters between survived and dead 
are summarised in table 1 and the complication free and serious complication 
patients in table 2. We did not note any difference in any of the measurements in the 
two groups. The PINI score in shown in figure 1. 
 
Table 1 
Biomarkers of the nutritive state and comparison to postoperative mortality 
 Túlélők 
n=27 
Elhalálozottak 
n=7 
p 
BMI 23,00±4,37 20,00±3,29 0,53 
Protein (g/l) 60,5±8,10 63,60±6,15 0,90 
Albumin (g/l) 34,60± 4,16 32,40±3,59 0,42 
Prealbumin (g/l) 0,20±0,07 0,19±0,08 0,90 
Retinol binding protein(g/l) 0,03±0,01 0,02±0,01 0,44 
Limphocyte (%) 15,10±8,29 17,30±5,37 0,42 
Cholesterine (mmol/l) 4,30±1,02 3,77±1,07 0,34 
Transferrin (g/l) 1,89±0,39 1,9±0,37 0,90 
Transferrin saturation (%) 22,4±9,32 26,7±11,14 0,34 
Data are presented as mean and standard deviation 
 
 
Table 2 
Biomarkers of the nutritive state and comparison to postoperative morbidity 
Data are presented as mean and standard deviation 
 Cured without 
Complication 
n=24 
Cured following 
complication 
N=10 
p 
BMI 21,0±5,20 22,5±3,60 0,53
Protein (g/l) 56,80± 6,95 66,35±5,75 0,68
Albumin (g/l) 34,30±1,66 35,70±4,37 0,77
Prealbumin (g/l) 0,14±0,02 0,19±0,08 0,52
Retinol binding protein(g/l) 0,03±0,01 0,03±0,01 0,50
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Limphocyte (%) 16,30±4,33 14,4±6,50 0,37
Cholesterine (mmol/l) 3,75 ±1,03 4,66±0,68 0,38
Transferrin (g/l) 1,78±0,45 1,73±0,44 0,53
Transferrin saturation (%) 18,90±1,64 11,60±8,82 0,89
 
 
Figure 2 
PINI score before the operation, comparison of posztoperative morbidity 
and mortality  
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test.  
 
 
4.1.2. Discussion 
Our study analised whether the assessment of the preoperative nutritive state in 
oesophageal tumour patients shows some predictors of postoperative morbidity and 
mortality. Reduction of the classical markers of the nutritive state increases the 
possibility of the postoperative complications of infection. Albumin shows the chronic 
emaciation, but this parameter does not verify emaciation or wasting. The reason for 
this is probably that the body by wasting of musculature defends the maintainance 
the body’s albumin and protein levels. Prealbumin and retinol binding protein are 
good indicators of postoperative morbidity an mortality in several studies. We could 
not prove this in our current study. The reason for this is unknown and further 
examinations are required.  
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4.1.4. Conclusion 
Assesment of the nutritive state of oesophageal tumour patients based on our current 
study did not show any coherence in connection to postoperative morbidity and mortality.    
 
4.2. Procalcitonin and PaO2/FiO2 ratio, as predictors of mortality in the early 
post-operative period of oesophageal resection 
 
During infection and developing acute phase reaction in response to inflammation, a 
wide spectrum of inflammatory mediators are released. It is difficult to predict in which 
patients there is the development of multi organ failure. In earlier studies conducted in 
heterogenous, intensive care patient groups, microalbuminuria is a quick and sensitive 
indicator of graveness of the disease. Based on these data, microalbuminuria can be a 
renal manifestation of generalised capillary-permeability increase. 
 
4.2.1. Patients and methods 
In our prospective clinical trial we aimed at examining the parameters usable for the 
predictors of mortality. Therefore we studied PCT, CRP, M:Cr changes and developing 
organ dysfunction. Written informed consent was attained under the Regional Scientific 
Research Board. We studied 79 patients who underwent oesophageal reseaction due 
to tumour between 1998 and 2004. Organ function was obtained using MODS, 
following the operation on the first three postoperative days (t3, t3 and t3). For checking 
serum parameters, we drew 5 ml of arterial blood at admittance to ICU (t0), following 
that at 24, 48, and 72, hours (t24,t48,t72). For M:Cr assessment we gathered urine 
samples at induction of anaesthesia (tp), on admittance to ICU (t0), following that at 6, 
24, 48, and 72, hours (t6, t24,t48,t72). Data are presented in median and interquartile 
range. The differerence between survivors and non-survivors was examined using 
Mann-Whitney test and x2 tests. P<0.05 was considered as statistically significant. 
Logistic regression analysis was used to examine constant change and mortality. 
Organ dysfunction parameters and biochemical change sensitivity, specificity, positive, 
negative predictive values determined mortality. The best cut off values were selected 
at the best sensitivity, specificity and predictive values. Considering mortality, the  
Receiver Operating Charachteristic (ROC) curve, and the related regions under the 
curve were calculated. 
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4.2.2.  Results 
All patients survived the first three postoperative days and amongst them 12 patients 
died in the early post-operative period (non survivor group). The survivor and non 
survivor data are shown in table 1.  
 
Table 1 
Patient data 
 Survived 
(n=67) 
Died 
(n=12) 
P 
Age (years) 57 (49-67) 67 (52-75) NS 
Sex (M/F) 55/12 10/2 NS 
Surgical time 
(min) 
255 (180-390) 290 (191-315) NS 
Apache II 3 (2-6) 4 (2-7) NS 
Time in Intensive 
care (days) 
16 (13-20) 3(3-4) <0,001. 
Data are presented in median (interquartile range) 
 
The cause of death in patients was without exception respiratory insufficiency, and 
later multi organ failure which in no case during the development of respiratory 
insufficiency had any connection with surgical complications. 
  
Table 2 
Patients MODS points 
MODS Survived Died 
 
P= 
t1 2 (0-3) 3 (3-4) 0,001 
t2 1 (1-3) 4 (3-4) 0,001 
t3 2 (0-3) 4 (3-5) 0,001 
Data are presented in median (interquartile range). 
 
Amongst primary organ function values the PaO2/FiO2 ratio showed significant 
deviation on the first, second and third post-operative day: t1: 282 (206-358) Hgmm 
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vs. 151 (114-227) Hgmm p<0.001; t2: 270(207.5-335) vs. 124,5 Hgmm (88.5-203.75) 
Hgmm p<0.001; t3: 266.5 Hgmm (178-340) vs. 90 (80.5-185.75) Hgmm p<0.001 
(Figure 1.). In both groups the ratio was lower than physiological normal values and 
on the first post-operative day significantly lower values were measured in non-
survivors t1: 180 G/l (152-217) vs. 139 (99.5-177.5) G/l p<0.05. Serum bilirubin levels 
showed statistically significant difference on the third postoperative day (t3) between 
the two groups 10,2 µmol/l (6,77-13,72) vs. 13,05 (10,52-21,87) µmol/l p<0,05. In all 
patients, at the time of admittance to ICU (t0), serum PCT levels were normal and 
within that maximum response in 24 hours showed significant elevation. Statistically 
verified, higher PCT levels were measured in the non-survivor group at t24: 
időpontban: 5,21 (2,83-6,78) ng/ml vs. túlélők: 2,98 (1,41-4,90) ng/ml p=0,048 
(Figure 2.). In all patients M:Cr values were in normal range. On ICU admittance (t0), 
we found higher values but the pathological albumin clearing normalised in the sixth 
hour following admittance and we did not find significant differences between the two 
groups (figure 2). The serum CRP levels were in the normal range when admitted to 
ICU and later elevated to its maximum 48 hours after admittance. We did not find 
significant significant difference between the two groups at any point (figure 2). PCT, 
M:Cr and CRP changes are sketched in figure 1. In order to determine the significant 
deviation between the two groups amongst parameters (PaO2/FiO2 ratio, PCT, TCT 
and MODS) for determining mortality, ROC curve and area under the curve was 
calculated at t1,t2 and t3 time points. The PaO2/FiO2 ratio showed the most promising 
values (AUC=0.826) (Figure 3.), platelet count (AUC=0.709), MODS (AUC=0.802) 
and serum PCT (0.682) showed to be a less sensitive and specific marker. The 
various cut off points, sensitivity related to sensitivity, specificity and positive, 
negative predictive values are summarised in table 3. The PaO2/FiO2 ratio showed 
the best cut off point at <260 mmHg, where the smallest value was at 92% sensitivity 
and showed a 57% specificity. Platelet count was <170 G/l, 75% sensitivity, 64% 
specificity, MODS>2, 83,3% sensitivity, 75% specificity, the serum PCT>2,8 ng/ml, 
83,3% sensitivity, 50%-os specificity. 
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Pao2/Fi02 , platelet number, MODS and PCT sensitivity and specificity positive-
negative predictive values at various cut-off points, considering mortality 
 
 Sensitivity Specificity PPV NPV 
Pa02/FiO2     
T1:220 75 70 33 94 
T 2:260 92 57 29 97 
T3: 300 100 43 30 100 
Thrombocyte (g/l)     
T1:140 55 80 32 90 
T 2:170 75 54 29 94 
T 3:180 83 50 24 95 
MODS (pont)     
T1:1 92 48 24 97 
T 2:2 83 75 34 96 
T 3:3 42 84 33 88 
PCT (ng/ml)     
T 1:0,5 92 9 16 100 
T 2:2,8 83 50 26 94 
T 3:4,4 67 71 32 93 
 
PPV, positive predictive value; NPV, negatíve predictive value 
 
The multiple logistic regression analysis result, showed that PaO2/FiO2 ratio is the 
only parameter, which is significant: p=0,005, exp(B)=1,017, 95% Confidence Interval 
(CI)=1,005-1,030. 
 
4.2.3  Discussion 
In our study we found elevated inflammatory marker levels in patients with 
oesophageal resection due to tumour. Besides this PaO2/FiO2 ratio, serum PCT 
level, platelet count and MODS showed significant difference between survivors and 
non-survivors in the first 24 hours of the post-operative period. Clinical parameters: 
MODS was significantly higher in non-survivors during the whole study. Respiratory 
insufficiency was the leading reason for post-operative complications after 
oesophageal resection. Since we did not experience infection signs in patients, post-
operative aspiration could have played a role. Current results correspond to previous 
results by other authors, since serious respiratory insufficiency developed in all 
patients in the non-survivor group. As shown above in the ROC curve the PaO2/FiO2 
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ratio showed to be the most sensitive parameter (92%), accepted specificity (57%) 
considering mortality.  
 
4.3. Examination of the Effect of oesophageal resection through Transthoracic 
and transhiatic route examination in the early postoperative period 
During stomach substitution stage of oesophageal resection due to tumour, two kinds 
of methods are used in our clinic based on the localisatio of the tumour. One is the 
opening of the thoracic cavity (TT), the other without (TH). It is still not clear besides 
5 year survival, that in the two techniques which of them has a higher morbidity and 
mortality in the early post-operative period. According to literature, surgery involving 
opening of the thorax goes hand in hand with respiratory complications in comparison 
to other operations. 
 
4.3.1. Patients and methods  
Our prospective, clinical study evaluated and compared the TT and TH techniques in 
oesophageal resection, their post-operative complications and their clinical and 
biochemical parameters in the first 3 post-operative days.After permission from the 
Regional Scientific Board, we included those patients in our study who underwent 
oesophageal resection due to tumour. Before the operation we attained informed 
written consent from the patients.  We followed the progression of disease with 
MODS. For inflammatory response biochemical parameters we attained blood 
preoperatively (tp), on admittance to ICU (t0), and later following 24, 48, 72 hours (t24, 
48, 72). We determined acute p ase proteins like serum PCT, CRP, and 
proinflammatory cytokines like TNF-α, IL-6 levels before surgery (tp), immediately 
after surgery (t0), second (t1), third (t2) and on the seventh day (t3). For analysing 
M:Cr urine samples (approx. 10 ml) were taken during induction of anaesthesia (tp), 
during admittance to ICU (t0), then following 6, 24, 48, 72 hours (t6,24,48,72). With the 
statistical analysis χ2-test and Mann-Whitney-U test, the Kruskall-Wallis test took 
away the null hypothesis, that there is no difference between the groups. p<0,05 was 
accepted as statistically significant. 
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4.3.2. Results 
50 patients were included in the study. 28 patients underwent TH and 22 underwent 
TT. The demographic values are listed in table 1. Some patients survived the study 
period, later 16 patients died in intensive care. The reason for death in every case 
was multi organ failure originating from chest infection.  
           
Table 1 
Patient data 
 Transthoracic (TT) 
n=22 
Transzhiatal (TH) 
n=28 
p= 
Age: (years) 54 (41-73) 60 (43-76) NS 
Sex: (M/F) 16/8 22/6 NS 
Surgical time: (min) 300 (180-720) 240 (121-420) 0,019 
Survivor/non 
survivor: 
31/6 42/10 NS 
SAPS II 18 (7-30) 16 (7-39) NS 
Data are presented in median (interquartile range). For Statistical analysis Mann-Whitney U- test was 
used. 
 
4.3.2.1.  Organ functions   
Daily assessment of MODS was identical in both groups during the study period. 
(table 2).  
Table 2 
MODS points in the two groups 
 Transthoracic (TT) 
n=22 
Transhiatal (TH) 
n=28 
P= 
ICU admission 2 (1-3) 2 (1-3) NS 
1. day 2 (1-3) 1 (1-3) NS 
2. day 2 (1-3) 1 (1-3) NS 
3. day 2 (1-4) 3 (0-3) NS 
Data are presented in median (interquartile range). For Statistical analysis Mann-Whitney U- test was 
used. 
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The PaO2/FiO2 ratio was always lower than normal and we did not experience 
significant differences between the groups at any point (Figure 1). In both groups we 
found a PaO2/FiO2 ratio lower than 240 mmHg with 87% sensitivityl and 57% 
specificity.During the study, cardiovascular, kidney, liver, haematological and 
neurological functions were always within normal ranges in the two groups (table 3).  
 
Table 3 
Organ function Values in the two groups 
  T0 T1 T2 T3 
Circulation 
(P*CVP/MAP) 
TH group 
  
TT group 
P 
2,5 (1-29,3) 
7,39 (1-14,43) 
0,18 
5,8 (1-11,75) 
5,66 (1-11,63) 
0,69 
6,99 (1-11,79 
7,45 811,76) 
0,18 
7,99 81-19,75 
2,51 (7-25,2) 
0,15 
Breathing 
(PaO2/FiO2) 
TH group 
TT group p 
362 (182-516) 
262 (116-586) 
0,43 
248 (108-457) 
252 (68-610) 
0,97 
180(50-503) 
242 (58-520) 
0,98 
 
217 (49-990) 
283 (135-427) 
0,74 
Kidney 
(serum 
Creatinin) 
TH group 
TT group 
P 
70 (47-149) 
64 (44-79) 
0,33 
 
73 (53-131) 
65 (44-104) 
0,49 
75 (47-1989 
59 (35-89) 
0,47 
61 (43-98) 
56 (44-889 
0,26 
Liver 
(serum 
bilirubin) 
TH group 
TT group 
P 
14,2 (5,4-38) 
14,2 (7-6,45) 
0,44 
13,5 (7-35) 
13,4 (7-23) 
0,65 
10 (5,8-75) 
10 (4,2-9,2) 
0,55 
13 (5-82) 
14 (7-46) 
0,59 
Blood 
(Trombocytes) 
(thousand) 
TH group 
TT group 
P 
182 (99-233) 
182 (62-990) 
0,43 
175 (94-71) 
180 (68-183) 
0,23 
188 (16-191 
180 (180-184) 
0,16 
168 (80-184) 
178 (80-223) 
0,45 
 
Neurological 
(GCS) 
TH group 
TT group 
P 
15 (13-15) 
15 (14-15) 
0,82 
15 (14-15) 
15 (14-15) 
0,75 
15 (14-15) 
15 (14-15) 
0,83 
15 (3-15) 
15 (14-15) 
0,88 
Data are presented in median (interquartile range). 
 
 
4.3.2.2.  PCT, M:Cr, Proinflammatory cytokines 
Kinetic change was seen but statistically significant difference between the two 
groups was not seen at any point. M:Cr levels following surgery, was significantly 
 54 
higher in the TH group mg/l (1,37-240) vs. 15 mg/l (3,33-21,74) p=0,025 (Figure 3) 
immediately after surgery but we did not find differences at other measurement points 
between the two groups. The highest IL-6 level was found the next day following 
surgery in both groups, which was significantly higher in the TT group t1= TH: 116 
ng/ml (37-504) vs. TT: 219 ng/ml (185-779) p=0,04. Following surgery there was a 
tendency of decrease seen in both groups and returned to normal values. 
 
4.3.3.  Discussion 
We did not find differences between clinical and biochemical parameters, M:Cr 
immediately after surgery and IL-6 levels in which we did not find clinical relevance to 
organ function parameters.In accordance to literature data, thoracotomy involved 
significantly longer surgical time, but did not involve greater blood loss, neither we 
find more serious systemic inflammatory response. The extent of inflammatory 
response shown by biochemical parameters like PCT and M:Cr showed earlier 
mentioned kinetics in both groups. It has been proved that the PCT levels 
significantly increases after surgical procedures without microbiologically showing 
bacterial infection. Several authors mention the possibility of a change in the 
permeability of the intestinal mucosa due to an acute insult to the system and results 
in bacterial translocalisation in the peritoneum. For bacterial levels in the blood flow is 
seen as elevated PCT levels in abdominal surgery. Since thoracotomy serves a 
larger tissue trauma for the patient, that pulmonary, high number of infection 
complications and we assume that serum PCT levels are higher in this group. We did 
not however find significant difference between the two groups showing that 
thoracotomy does not induce a larger inflammatory response. M:Cr levels correlate 
well with the size of tissue injury. Although in our patients, we found an elevation in 
the TH group, the levels normalised within six hours. IL-6 is considered responsible 
for the post-operative increase in PCT levels. There were no differences in 
Procalcitonin levels between the two groups. TNF-α similarly did not show any 
difference. Higher IL-6 levels post-operatively were found in patients of the TT 
surgical group. 
 
4.3.4. Conclusions 
Thoracotomy although a greater surgical stress, based on clinical or biochemical 
parameters does have harmful effects on the first three days following surgery.  
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4.4.  Effect of preoperative chemo-radio therapy on postoperative morbidity  
and inflammatory response following surgery 
The incidence of oesophageal adenocarcinoma compared to epithelial 
carcinomas has increased in the past 25 years. The mortality of the disease 
immediately after the operation has decreased but the 5 year survival of patients is 
still low. In order to extend the operability of the oesophageal tumour, the RO 
resection and in order to reduce micrometastses, the patients underwent chemo-
radiotherpy before the operation. Numerous clinical trials have proven that patients 
have longer survival due to this therapy. The side-effects of chemotherapy are well 
known, out of which immunesuppression, bone marrow depression, leukopenia, 
thrombocytopenia, cardio and  nephrotoxicity are important. In patients who have 
undergone radiotherapy, the most common complications are oesophagitis, 
difficulties in swallowing, reflux, consequencial weight loss, anorexia. Radiotherapy 
causes inflammation of the perioesophageal area, which is complicated by surgery. 
Our prospective, clinical trial aimed to study the effect of chemo-radiotherapy on 
post-operative mortality, morbidity and inflammatory response following surgery.   
 
4.4.1.  Patients and Methods 
After permission from the Regional Scientific committee, we included those patients 
in the study who underwent elective oesophagectomy due to tumour. The patients 
were divided into two groups. Patients of the first group (T3-T4 stadium) received 
chemo-radiotherapy (group I), while the other group received none (group II). 
 Group I. patients according to the Calvert scheme received carboplatin on the first 
day and for five days received 5-fluorouracil 600 mg/m2 and 20 mg/m2 Ca-folin. 
Beside chemotherapy the patients also received external radiotherapy (250 cGy) 
daily, weekly 5 times, a total of 36 Gy. Besides this three weeks later, “restaging” was 
performed and if the tumour showed regression, surgery was performed on the 
fourth-sixth week. We studied a total of 67 patients. In both patient groups, 
assessment of the nutritive state was done before the operation (t0), immediately 
after the operation (tu), then on the second (t1), third (t2) and seventh (t7) day the 
albumin, protein, prealbumin, retinol binding protein, transferrin és lymphocyte levels. 
The inflammatory response monitoring at the same time points, procalcitonin, CRP, 
IL-6, IL-8, and TNF-α changes have been compared. Organ dysfunction was carried 
out with MODS for four days following surgery (t1,t2,t3,t4). For possible nephrotoxicity 
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we determined M:Cr, before the operation (t0), immediately after the operation (tu), in 
the sixth (t6), the twenty fourth (t24), the forty eighth (t48) and seventy second hour 
(t72). The statistical analysis was done with χ2-test and Mann-Whitney-U test. p<0,05 
was considered to be significant. 
 
4.4.2. Results 
Table 1 
Data of patients of the two groups 
 I. group n=23 II. group n=44 p 
Age (years) 54 (43-76) 60 (41-75) 0,18 
Sex (M/F) 15/8 30/14 0,96 
Height (cm) 173 (164-176) 172 (160-180) 0,86 
Weight (kg) 63 (58-85) 68 (45-98) 0,67 
Weight index 23 (20-28) 23,5 (17-33) 0,49 
Surgical time (min) 300 (120-720) 240 (150-650) 0,14 
SAPS 2 (on admission) 14,5 (7-25) 15,5 (7-39) 0,72 
ICU stay (days) 2 (2-13) 4,5 (2-27) 0,47 
Hospital stay (days) 21 (15-30) 20 (13-129) 0,71 
Survival  (S/NS) 19/4 35/9 NS 
Data are presented in median (interquartile range). For Statistical analysis Mann–Whitney U test and, 
χ2 test was used. 
 
 
4.4.2.1. Examination of organ function 
Our study could not prove the side-effects presented in the literature in any of 
the organ systems. Our results are summarised in table 2. PaO2/FiO2 ratio was 
constantly high in group 1 which did not show statistical significance at any point of 
measurement.  
 
 
 
 
 
 57
Table 2 
Organ function values in the two groups 
  t1 t2 t3 t4 
CVS 
(HR*CVP/MAP) 
I. group 
II. group 
P  
5,9 (1,31-14,52) 
3,24 (2,15-29,33) 
0,36 
6,3 (1,44-12,32) 
5,67 (1,2-15,74) 
0,63 
7,08 (1,3-12,23) 
7,2 (1,1-21) 
0,83 
5 (1,3-25,22) 
8,2 (1,5-
19,95) 
0,27 
Breathing 
(PaO2/FiO2 
arány) 
I. group 
II. group 
P  
232  (72-566) 
210 (72-578) 
0,18 
281 (68-416) 
260 (180-610) 
0,23 
270 (80-503) 
192 (50-520) 
0,15 
263 (114-399) 
242 (49-590) 
0,59 
Kidney 
(kreatinin) 
I. group 
II. group 
P  
64 (44-85) 
75 (44-109) 
0,62 
64 (41-135) 
79 (50-162) 
0,39 
58 (38-98) 
75 (37-113) 
0,42 
57 (41-98) 
63 (43-132) 
0,25 
Liver 
(bilirubin) 
I. group 
II. group 
P  
18 (18-46) 
12 (3-38) 
0,08 
16 (9-25) 
11 (7-37) 
0,52 
13 (4-50) 
10 (5-72) 
0,44 
13 (5-29) 
10 (5-82) 
0,99 
Blood 
(trombocyte) 
 
I. group 
II. group 
P  
182 (62-192) 
166 (75-2339 
0,98 
157 (68-183) 
165 (97-241) 
0,55 
127 (65-185) 
200 (107-291) 
0,77 
130 (80-138) 
194 (64-148) 
0,72 
Neurology 
(GCS) 
I. group 
II. group 
P  
15 (13-15) 
15 (12-15) 
0,92 
15 (14-15) 
15 (13-15) 
0,97 
15 (11-15) 
15 (3-15) 
0,51 
15 (14-15) 
15 (3-15) 
0,86 
                                               Data are presented in median (interquartile range). 
 
 
 
4.4.2.2. Microalbuminuria, Protein, albumin, prealbumin, retinol binding protein, 
lymphocyte, transferrin 
 
M:Cr showed similar kinetics after the operation, the highest value was found 
following surgery. We did not find a difference between the groups. Protein, albumin 
RBP, and prealbumin changes are summarised in figure 2. We measured higher 
number of lymphocytes in group II than in group I, but a statistical difference between 
the groups was measured only on the seventh day where the lymphocyte number 
was higher than group I (p=0.003). There were no differences measured with serum 
transferrin. 
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Figure 1 
Changes in Protein and Albumin in the two groups 
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Figure 2 
RBP and prealbumin changes in the two groups (g/l) 
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test.   
 
 
4.4.2.3. Inflammatory Response Parameters: CRP, PCT, IL-6, TNF-α 
Until t1, constant elevation was shown, then on the seveth day showed 
tendency to decrease. We did not find any statistical significant difference between 
the two groups at any point of measurement. The tendency in literature was shown, 
of which the highest measured value was reached 24 hours after the operation, but 
even here we did not find any difference between group I and II. In group I, all 
measured parameters in case of IL-6 showed higher values but was not statistically 
significant. TNF-α values showed no difference between the two groups. 
*
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Figure 3.  
TNF-α (ng/ml) and IL-6 (pg/ml) changes in the two groups 
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test.   
 
 
4.4.3.  Discussion 
With the effectiveness of combined chemo-radiotherapy and surgical procedures, it 
offers us an excellent opportunity for long term survival randomised studies, but few 
studies are known to have dealt with its post-operative morbidity and mortality. 
Previous studies with pre-treated patients show 5-18% mortality, whereas in patients 
undergoing just surgery, mortality is 8.6%.The reason for this high mortality is 
associated with chemotherapy induced immunesuppression, bone marrow 
depression, and further worsening of the patients nutritive state. In our prospective, 
clinical study, we examined the effects of chemo-radiotherapy on post-operative 
organ functions, inflammatory response following surgery and the nutritive state of 
the patient. Radiotherapy has its side effects like local oedema, inflammation, 
fibrosis, difficult surgical situations when there is excessive bleeding, and prolonged 
time of operation. Inspite of this, in patients who received chemo-radiotherapy in our 
study, we did not experience longer surgical procedures or higher transfusion 
demands. Chemo-radiotherapy did not worsen post-operative mortality, instead in 
group I, we found higher post-operative survival but probably due to the small 
number of patients, statistically significant data were not found. We did not find the 
known side-effects of chemotherapy in organ system examinations. The test scores 
of patients nutritive states before the operation were higher in every aspect in 
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group 1, although statistically significant difference was found only at protein levels. 
The reason for higher nutritive parameters is unknown, probably reduction of tumour 
size by chemo-radiotherapy and as a result nutrition uptake is improved. There were 
no differences in the inflammatory response following surgery between the two 
groups. Our results compared with kinetics from literature vary from each other. 
   
4.4.4. Conclusions 
 According to our results, pre-operative chemo-radiotherapy did not influence 
immediate post-operative morbidity and organ function. Although there was no 
statistically significant difference, the number of survivors was higher in group I, the 
reason for which could be the improvement of patients’ nutritive uptake before 
surgery because of which they reach the operation in a better condition. Post-
operative inflammatory response did not show the immunesuppressive side effects of 
chemo-radioherapy. 
 
 
4.5. Effect of Prophylactic N-acetylcysteine treatment in postoperative organ 
dysfunction and level of inflammatory markers following oesophageal 
resection due to tumor. 
The pathomechanism of MOF post-operatively inspite of intensive research is to date 
unknown, but during its development oxygen free radicals play an important role and 
the disturbance of the systems oxidant-antioxidant balance. In the past two decades, 
literature shows that similar effects like endogenous anti-oxidants can be achieved by 
the use of exogenous radicals as well. Amonst these the most examined is NAC, 
which is a derivative of L-cysteine amino acid.    
  
4.5.1. Patients and Methods 
Our prospective, randomised, double blind study studied the prophylactic effects of 
NAC on inflammatory reactions, organ functions in the early post-operative period 
following oesophagectomy. After permission from the Regional Ethical committee, we 
included those patients in the study who underwent elective oesophagectomy. 
Clinical progression of patients was followed with MODS, on admission to ICU, and 
then the three following days (t0,t1,t2,t3). Following Block randomisation, one of the 
patients groups received 150 mg/kg intravenous bolus injection, NAC at 12 mg/kg/h 
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(NAC group) continuous 5% dextrose in infusion during the operation, the other 
group (control group) received the same amount in placebo with 5% dextrose. For 
checking serum and blood values, 5 ml of arterial blood was taken pre-operatively 
(tp), on admittance to ICU (t0), later following 24, 48, 72 hours (t24, t48, t72). According 
to our calculations, that our study would have a statistical power of 80% and with a 
p<0.05 chi square test, NAC would reduce mortality by a minimum of 5%, we would 
need 435 patients per group which is impossible to achieve in one ICU.  
 
4.5.2. Results 
We studied 45 patients in 26 months. Following block randomisation, 23 patients 
received NAC and 22 received placebo. The data of patients of the two groups is 
shown in table 1. 
 
Table 1 
NAC and Placebo group patient data 
 NAC n=23 Placebo n=22 P 
Age (years) 57 (41-76) 55 (43-76) 0.88 
Sex (M/F) 15/8 17/5 0,96 
Surgical time (min) 240 (150-300) 240 (120-720) 0,5 
SAPS 2 (on admit) 15 (7-30) 15 (7-39) 0,66 
ICU stay (days) 4 (1-27) 4 (2-21) 0,13 
Survival  (S/NS) 18/5 17/4 0,71 
Data are presented in median (interquartile range). For Statistical analysis Mann–Whitney U test, and 
Chi square test was used. 
 
Table 2 
NAC and placebo group patients MODS values 
 NAC Placebo P 
T0 3 (1-4) 2,5 (1-4) 0,42 
T1 2 (1-5) 2,5 (1-5) 0,93 
T2 2 (2-8) 2,5 (1-3) 0,92 
T3 2 (1-5) 2 (1-8) 0,66 
Data are presented in median (interquartile range). For Statistical analysis Mann–Whitney U test was used. 
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The PaO2/FiO2 ratio was in the normal range at t0 and t1 time points in both groups [t0 
median: 224 interquartile range: (116–578) mmHg vs. 270 (78–525) mmHg p=0,31; 
t1= 271 (108–610) vs. 250 (68–467) mmHg p=0,72, NAC vs. placebo, later at t2 time 
point showed slight but not significant decrease compared to starting parameters and 
finally t3 time point got back to normal values [t2: 212 mmHg (50–520) vs. 188 (80–
320) mmHg p=0,43; t3: 295 (49–427) vs. 258 (138–990) mmHg p=0,98, placebo vs. 
NAC] (Figure 1.). During our study cardiovascular, kidney, liver, haematology and 
neurological function parameters were constantly within normal range in the treated 
and non-treated equally. No significant differences were found between the two 
groups. Significantly lower CRP levels were measured at t0 in NAC group patients 
(t0: medián: 1,85 mg/l interquartile range: (1–55,6) vs. 9 mg/l (1–284) p=0,021).  
 
4.5.3. Discussion 
In our prospective, rendomised clinical trial, we found that prophylactic use of NAC 
had no effect on postoperative organ dysfunction and did not cause change in the 
application with PCT and M:Cr and within them found significantly lower CRP levels 
in the treated group immediately after the operation. The system with the help of 
endogenous antioxidant mechanism offers defence to the harmful effects of OFR. 
Assuming that exogenous anti-oxidants like eg. NAC, would offer similar defence to 
the system to damage caused by free radicals. Previous studies in a heterogenous 
intensive care population showed that early (24 hours after hospital admission) NAC 
treatment can have beneficially influences mortality. Based on the above result, we 
aimed at examining the short prophylactic NAC treatment effects in patients who 
underwent oesophagectomy. In our study, PCT levels did not differ significantly in the 
two groups. It is possible that the main effect of NAC is in the liver. According to one 
of the explanations, it is possible that PCT production takes place in other organs 
independent of OFR, therefore NAC does not have an effect on the process. The 
other possibility is that NAC is not capable of influencing an inflammatory response to 
surgical procedures which has been shown by several clinical studies. In our study, 
higher CRP levels were measured in both groups compared to starting values. In the 
NAC group, CRP level was significantly lower immediately after the operation and we 
did not see its beneficial effects. The reason for this is probably that CRP is produced 
by the liver and literature shows that NAC has beneficial effects on hepatocellular 
oxygenation and circulation. M:Cr kinetics known so far changed in both groups. We 
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did not find significant differences in our patients clinical progression considering 
NAC and MODS. We did not find beneficial effects of NAC written by others, neither 
respiratory nor cardiac, not even in liver function tests. Other details such as stay in 
ICU, number of days on the ventilator, or mortality did not show difference between 
the two groups. In previous studies, we found that PCT, CRP and M:Cr significantly 
increased following surgical procedures. Since PCT and PaO2/FiO2 ratio in the post-
operative 24 hours was significantly different in the survivor and non-survivor group, 
during the planning of our current study we concentrated on these data. According to 
data from the literature, the effect of NAC is maily associated with septic shock 
patients . As of today there is no marker for measuring the exact effect of NAC. 
Therefore it cannot be ruled out that besides PCT, CRP and M:Cr, other biochemical 
parameters could have lead to devious results.  
 
4.5.4.  Conclusions 
Our results show that low serum CRP levels except NAC prophylaxis –compared with 
placebo- with other clinical and biochemical parameters did not show significant 
effects. Our results do not support the use of NAC in oesophagectomies and 
questions its use in critically ill patients. 
 
 
4.6. Effect of Glutamin supplementation in patients with oesophageal 
resection. 
 
Glutamine is the most common amino acid of the extra and intra cellular 
compartments which is about 50% of the total number of amino acids. Zhu-Ming 
Jiang et al in 2004 did a meta-analysis the aim of which was to administer glutamine 
in surgical patients. According to their results, the use of glutamine peptides is very 
helpful, reduces post-operative infection complications, reduces hospital stay and 
reduces treatment costs. 
 
4.6.1.  Patients and Methods 
           Our prospective, randomised, clinical trial aimed at examining the exogenous 
preventive glutamine effects and post-operative complications and inflammatory 
response following surgery in patients with oesophagectomy due to tumour. After 
permission from the Regional Scientific Research Committee, we included those 
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patients in the study who had undergone oesophagectomy due to tumour. Before the 
operation we received written informed consent from the patients. The patients were 
randomised into two groups using block randomisation. Pre-operatively for three days 
and post-operatiely for seven days, the glutamine group (Gl. group) received 0,5 g/kg 
glutamine (Dipeptiven, Fresenius) for 6 hours in the form of continuous infusion while 
the control group (Group K) received placebo. The two groups received the same 
feeding therapies following surgery. During the operation a jejunostomy was placed 
and the patients received postoperative saline 10 ml/h and later on the first day at 15 
kcal/kg, on the second day at 20 kcal/kg, on the third day at 25 kcal/kg. From the 
fourth day, patients received oral feeding 30 kcal/kg, enteral feed. Besides enteral 
feeding, patients did not receive parenteral feeding. The end point of the examination 
was the release from ICU, the seventh post-operative day. The patients clinical 
progression was monitored by MODS. In both patient groups, we monitored 
preoperative (t0), immediately after the operation (tu), first post-operative (t1), the 
second (t2) and seventh day (t7) proteins, albumin, prealbumin, RBP, CRP, PCT, 
lymphocytes, IL-6, IL -8, TNF-α, serum lactate levels, and t0 and t7 timepoints for 
cholesterine and triglyceride levels. The statistical analysis was done with χ2-test and 
Mann-Whitney-U tests. p<0,05 was considered significant. Data are presented in 
median, interquartile range and standard deviation (SD). 
 
4.6.2.  Results 
            We included 35 patients in three years, 15 patients took part in glutamine 
administration, 20 patients received placebo. Patient data are recorded in table 1. 
 
Table 1 
Patient data 
 Glutamin group 
 n=15 
Control group  
n=20 
P 
Age: (years) 56 (48-64) 58 (44-75) NS 
Sex: (M/F) 8/5 12/8 NS 
Surgical time: (min) 310 (150-360) 330 (180-420) NS 
Height (cm) 174 (160-176) 173 (165-180) NS 
Weight (kg) 63 (45-95) 68 (44-98) NS 
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BMI 23,5 (17-33) 23 (18-33) NS 
Survivor/non 
survivor: 
12/3 15/5 NS 
SAPS II 16 (7-42) 17 (7-35) NS 
Data are presented in median (interquartile range). For Statistical analysis Mann–Whitney U test and, 
χ2 test was used. 
 
 
4.6.2.1.  Effect of glutamin hatása on the biochemical parameters of the 
nutritive state 
 
4.6.2.1.1.  Serum proteins, Albumin, Prealbumin, Retinol binding proteins 
Both patient groups showed similar kinetics in serum albumin, RBP, prealbumin 
changes. (Figure l. 1-2. ). 
Figure 1. 
Changes in serum proteins and albumin  
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test.  
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Changes in prealbumin and a retinol binding proteins 
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test. 
 
 
 
4.6.2.2. The effect of glutamin as an inflammatory response to surgery 
 
 
4.6.2.2.1. Tumor necrosis factor alfa, Interleukin-6, Interleukin-8 
In both groups, elevated levels were found until the seventh day, where the values 
reached two times the normal values. We did not find a difference at any point of 
measurement. (K. group.: t0: 4,15 ±3,23 (ng/ml) vs. Gl. group.: 6,44±1,54 (ng/ml)  
p=0,29, tu: 4,22±2,11 (ng/ml)  vs. 4,82±20,38 p=0,39, t1: 9,55±11,08 (ng/ml)  vs. 
8,34±6,07 (ng/ml)  p=0,99, t2: 9,00±6,26 (ng/ml)  vs. 8,36±5,43 (ng/ml)  p=0,89, t7 : 
9,04±6,26 (ng/ml)  vs. 8,33±5,43 (ng/ml)  p=0,97). IL-6 and IL-8 changes are shown 
in figure 4. 
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Figure 4. 
Changes in Interleukin-6 and Interleukin-8 
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test. 
 
 
4.6.2.2.2. CRP and PCT 
Both inflammatory markers and their kinetics are well known from the literature. We 
did not find any significant difference at any point of measurement between the two 
groups. (Figure 5).  
 
Figure 5.  
Changes in C-reactive protein and procalcitonin 
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Data are presented in „box-plot” . In figure minimum-maximum, medián, interquartile range values are 
presented. Difference between the groups were examined using Mann-Whitney U-test. 
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4.6.3.  Discussion 
Extended surgical procedures lead to glutamine depletion because of which 
serious post-operative complications may arise such as infection, wound healing 
disturbances, reduced immune response and increase in intestinal permeability 
which can lead to multi organ failure due to bacterial translocalisation. Studies so far 
have mentioned the benefactory effects of glutamine in surgical patients, but during 
the examination the patients received total parenteral feeding. In our study, we fed 
patients using jejunostomy which was completed by administering intravenous 
glutamine. Organ function was examined by MODS, but we did not find differences 
between the two patient groups. Pro-inflammatory cytokines like IL-6, IL-8 és TNF-α 
which are well known biomarkers of operative stress and their release determines 
operation time and extensiveness did not show differences between the two groups. 
According to studies, administration of glutamine has no effect on the blood 
mononuclear cells on release of IL-6 and TNF-α. IL-6 plays a central role in the 
initiation of hepatocyte acute phase protein synthesis, but levels of CRP and PCT 
measured by us did not show statistically significant differences.      
  
4.6.4.  Conclusions 
We examined the effects of preventive glutamine administration in patients who 
underwent oesophageal resection due to tumour alongside enteral feeding. Our 
results showed that glutamine supplementation did not influence patients mortality, 
morbidity and the inflammatory response following surgery. The reason is unknown, it 
is possible that glutamine admisnistered together with enteral feed loses its effect, 
and suffices the body’s energy needs. A possible way to make it work would be to 
increase the time and dose of administration as opposed to suggestions in the 
literature, possibily in the form of a 24 hour infusion. This obviously needs more 
experimentation.   
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5. Summary of Results 
 
5.1. Patients who have undergone oesophageal resection due to tumour are 
seriously undernourished which according to literature leads to a rise in post-
operative complications. We measured the pre-operative nutritive state in 
oesophageal tumour patients and could not show any coherence in connection to 
post-operative morbidity and mortality.  
5.2.  Respiratory dysfunction is an early sign and leading cause of post-
operative complications. The PaO2/FiO2 ratio made it possible to separate survivors 
and non-survivors. Accoding to our results those patients with a PaO2/FiO2 ratio less 
than 260 mmHg on the first post-operative day, demand strict attention and 
aggressive therapy. Determining PaO2/FiO2 ratio is simple and sensitive and a good 
indicator of the early post-operative period. Serum PCT level is a potential routine 
test after extended surgical procedures but further studies are required to determine 
what role it plays in inflammation and how it would affect clinical decisions. 
            5.3.  In our clinic we use two techniques for oesophageal resection viz. 
opening of the thoracic cavity (TT) and without (TH). Thoracic opening involves 
greater operative stress, longer surgical time, greater risk of bleeding. This could not 
be proved, neither clinically, nor biochemically following the operation. Showing 
similar post-operative mortality and morbidity, both techniques hold equal risk for 
patients.    
5.4.  For reducing micrometstasis, for easing operability of the oesophageal 
tumour, patients with advanced disease receive chemo-radiotherapy which in 
numerous clinical studies shows long term survival. Our studies showed that pre-
operative chemo-radiotherapy did not affect post-operative morbidity and organ 
functions. Mortality although not statistically significant, but in patients who received 
chemo-radiotherapy, the number of post-operative survivors was high. The reason for 
this could be better nutrition before the operation and as a result went to the 
operation under better physiological states. Inflammatory response following the 
operation did not show the chemo-radiotherapy immunesuppressive side effects. 
5.5.  In our prospective, randomised clinical trial the effects of exogenous 
prophylactic radicals like NAC were studied on post-operative morbidity and mortality. 
Our results showed that besides lower serum CRP levels, NAC prophylaxis - together 
with placebo -  other tests both clinical and biochemical parameters did not show 
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statistically significant effect on morbidity, mortality and inflammatory response 
following surgery. The above mentioned results do not support the routine pre-
operative use of NAC in oesophageal surgery.   
5.6. One of the aims of our prospective, randomised clinical trial was to study 
the preventive administration of glutamine to patients who underwent oesophageal 
resection due to tumour, their post-operative complications and inflammatory 
response following surgery. Based on our results, preventive administration of 
glutamine has no effect on post-operative morbidity and mortality, thus its routine use 
is not advisable. 
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